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Observations 
Point A Point B 

Lesnika Tripol 'ye  

I -  

Number common 
t o  both points  

. 
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422 
54 
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ABSTRACT. Data a re  presented on photographic obser- 
vations of meteors at the  Kiev S t a t e  University Astronomi- 
c a l  Observatory i n  1959. A b r i e f  descr ipt ion i s  given of 
t he  method of analyzing photographs of reference meteors 
f o r  determining t h e i r  radiants, a l t i tudes ,  ve loc i t i e s  and 
deceleration. The results are given f o r  measurements of 
e ight  reference meteors. 

I n  1959, a t  two f i e l d  s t a t ions  of the Kiev University Astronomical Obser- 
vatory i n  the  v i l lages  of Lesnika and Tripol'ye, systematic photographic ob- 
servations of meteors were car r ied  out i n  accordance with the  I G Y  and I G C  pro- 
gram ( ref .  1). 

/25* 

Photographic scanning was  conducted by t h e  AS-11 meteor pa t ro ls  ( r e f .  1) on 
a l l  c lear ,  moonless nights, p a r t i a l l y  on Panchromatic aerial  photofilm with a 
s e n s i t i v i t y  of Sdo 85+do=1000-1~O0 GOST (Goverment Standard) un i t s  and p a r t i a l l y  

on Isopanchromatic a e r i a l  photofilm type DK. 

Table 1 presents  data  on the  duration of observations and the  number of 
meteors photographed a t  each s t a t i o n  individually and common t o  both s ta t ions .  

TABLE 1. 

Number 

of observationnights 
of hrs of observation 
of meteors photographed 

72 
283 

8 , 

The meteor negatives were measured on t h e  KIM-3 coordinating and measur- 
ing apparatus by two eo-workers, one o f  whom made two aims each, both d i r e c t l y  
and i n  reverse  pos i t ion  of t he  reversible  lens  while t he  other  made one control  
measurement of each point.  The picture  was  or iented such tha t  the  x-axis was 
d i r ec t ed  along t h e  image of the  meteor. We measured the Y images of t he  meteor, 
t h e  XY ends of t he  in t e rva l s  (marks) i n  the  images of the  reference stars, t h e  
XY ends of t he ' i n t e rva l s  of the meteor image on the  photograph made through an 
ob tu ra to r  and the  XY intersect ions of t he  reference stars with a meteor t r a i l .  

~~ -~ ~ 

* 
Numbers i n  the margin indicate original pagination i n  the foreign t ex t .  

1 I Kiev University Astronomical Observatory. 
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The mean posi t ions of t he  reference stars were extracted from the AK or 2 

. BOSS catalogs with an accuracy t o  1" and were thus related t o  t h e  1950.0 equinox. 

The points  of in te rsec t ion  of the  meteor with la rge  c i r c l e s  passing through /26 
two marks at the  reference stars on d i f fe ren t  s ides  of the  meteor were selected 
t o  serve i n  the  capacity of base points .  
method described by A. N. Deych ( r e f .  2 ) .  

Their coordinates were se lec ted  by a 

Further handling of photography i n  both features  corresponds t o  t h a t  used 
a t  the  Odessa Astronomical Observatory ( r e f .  3), but each individual  s t e p  more 
o r  l e s s  na tura l ly  d i f f e r s  from it. Therefore, formulas which w e  used i n  our 
processing a re  presented below. 

I n  a l l  computations w e  used the  direct ion cosines of t h e  radius-vectors of 
t he  base points  i n  the  coordinate system re l a t ed  t o  t h e  observation point.  The 
beginning of the coordinates of the  system i s  at t h e  center of t h e  camera objec- 
t ive,  t he  axis oz i s  directed toward the t a r g e t  pole, OX t o  t h e  point  of i n t e r -  
sec t ion  of the  meridian with the  equator, OY t o  the  west point.  
point  i n  the  c e l e s t i a l  sphere with coordinates t 6  was determined by the  unit 
vector with components 

An a rb i t r a ry  

a=cOs d cos t ,  b=cos d sin t ,  c-sin 6.. 

The d i rec t ion  cosines of  t h e  pole of  the la rge  c i r c l e  ( a  , b  , c ) can be found 

from t h e  condition of orthogonality of the un i t  vector d i rec ted  toward the 
pole with a l l  vectors of t h e  base points 

P P P  

To avoid losses  i n  accuracy i n  calculat ion of divisors  during solut ion 
of system (1) by t h e  l e a s t  squares method, we applied the  following method. 
The coordinates of the  pole of the large c i r c l e  were determined; it was derived 
through t h e  l imi t ing  reference points :  

( O )  b ( O )  ('1 Then t h e  a , 9 C which were obtained were refined. 
P P 2 
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Let the ref ined values of t he  Polar coordinates be 

6, = 6g) + Abp; 
-1. 

(2) ap = .(Po) + Aa,; c p  = c$) + AcP, 

Then Aa ,Ab can be determined, solving by means of the l e a s t  squares method 
P P  

with 

where Roi i s  L e  angle of inc l ina t ion  of the  i - t h  reference poALit from the  la rge  

('1 b(O) 
P 7 ' P  

c i r c l e  with the  pole a 
P 

w e  ca lcu la te  Ac by the  formula 
P /27 

(5 )  

The algorithm (2 ) - (4 )  i s  va l id  under conditions s i n  2 R ( O ) &  - . 
P P P ' P  

These formulas me 
O i  

su i t ab le  t o  use i f  c(O) from the three numbers a ( O )  , b(O) c(O) i s  found t o  be t h e  

g rea t e s t  i n  terms of absolute quantity; however, i f  some other number 
i s  g rea t e s t ,  
pos i t i on  of variables such t h a t  i n  the  denominators we f i n d  the  grea tes t  ( i n  
absolute quantity) of t h e  d i rec t ion  cosines. 

i n  ( 3 )  and ( 5 )  it i s  then necessary t o  apply the  cyc l ic  t rans-  

Having determined the  corrections Aa , Ab , Ac we f ind  the  polar  coordinates 

from t h e  ref ined la rge  c i rc le ,  
P P P' 

( 2 )  and inc l ina t ion  of t he  reference points s i n  R 

subs t i t u t ing  i n t o  (4 )  the  direct ion cosines of the  ref ined pole. 
t h e  quan t i t i e s  s i n  Roi permits us t o  locate  the  reference points  with wrong 

coordinates. 
while t h e  corrections t o  the pole already correctedweresought. After  deter- 
mination of t he  coordinates of thepo les  of the  l a rge  meteor c i r c l e s  correspond- 
ing  t o  two photographs of the  meteor obtained from di f fe ren t  points,  t he  dir- 
ec t ion  cosines of the  radiant  were determined as coordinates of t he  pole of 
t h e  l a r g e  c i r c l e  passing through the  pole of t he  meteor c i r c l e s  on both photos 

O i  

Analysis of 

Such points  were eliminated and calculations (3) -( 5)  were repeated, 

' R  ' CR = - A B R  aR = R bR = - 
sin Q ' sin Q ' sin Q ", 

3 
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where 

. 

&R'bR,cR are the  d i rec t ion  cosines of the radiant ;  Q i s  the  angle of convergence 

of t he  l a rge  meteor c i rc les ,  while 

, Whence the  coordinates of the  radiant  

Because formulas (6) and (7)  give the coordinates of the radiant  or anti- 
radiant as a f'unction of t he  se lec t ion  of the s ign s i n  &, it i s  necessary t o  
ve r i fy  t h a t  the  point  ( v b R ,  cR) l i e s  on t h e  horizon. 

culat ing the  cosine of t h e  zeni th  distance 

This can be done by cal-  

\ eosz, = aR cos 9; + ',sin cp;l, 

where cp' i s  the  geocentric l a t i t u d e  of t he  point A. A 

z <O, t h e  signs i n  v b  , e  

To determine t h e  ve loc i t ies  and decelerations we must know t he  angular 
dis tances  of t he  ends of the in te rva ls  from any point  t o  a meteor whose coordi- 
nates  {a , b  One of the reference poin ts  may be selected i n  the  

If it i s  found t h a t  cos 

must be changed t o  the opposites. 
R R R  

/28 
c } are  known. 0 0' 0 

capaci ty  of the  la t ter .  

found from t h i s  bas ic  one by conditions 

The angles hoi of t he  remaining reference points  a re  

Knowing t h a t  Xoi and Xoi are  the measured coordinates of the  points, it i s  

4 



possible  t o  determine the  sca le  i n  the  in te rva ls  between the  reference points  
and then, having constructed a graph of the scale,  we f i n d  t h a t  A .  i s  the  angular 

J 
distances from the  ends of the  in te rva ls  t o  the bas i c  reference point .  

The l i n e a r  distance from the  point with the  obturator apparatus t o  the  basic  
point on the  meteor was determined by the formula 

where B 

of t he  reference chord i n  the  system of point  A. 

i s  the length of the  reference chord and a,b,c a re  the  d i rec t ion  cosines 
0 

The elongation of t h e  basic  reference point  from t h e  radiant  was found from 
t h e  re la t ionship  

cos$, = aRao + bRbo + cRco.\ 

The l i n e a r  distance from the  basic reference point  a t  t he  meteor t o  t h e  
i s  equal t o  poin t  a t  a distance from it a t  t he  angle h 

j 
sinh, \ 

*’\ Li  = ‘Osin qo + 
If e, ( s e e  f igure)  i s  the  geocentric radius-vector of the  point  A; e j  i s  

t h e  radius-vector of t h e  point on the Earth’s surface ( i n  our case Earth i s  t h e  
Krasovskiy spheroid) t o  which the  j - t h  point on the  meteor i s  projected; F i s  

t h e  topocentr ic  radius-vector of the basic reference point  on the  meteor and I; 

i s  the vector passing from the  basic  reference point  t o  the  a rb i t r a ry  point  on 
t h e  meteor, the  a l t i t u d e  of t h i s  point i s  obviously equal t o  

/29 0 

3 

Considering t h a t  

where z i s  the  zeni th  distance of the bas ic  reference point on the meteor; 0 

5 
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q0 i s  the elongation of the basic reference point from the  radiant ;  z i s  t he  R 
zenith distance of the radiant, expression (8)  i s  rewri t ten i n  the form 

~ ~~ 

Apparent Radiant 

t 1950.0 61950.0 

' .  

h Corrected 
rad ian t  

~~1950.0 61950.0 

Meteor 
No. 

290"29 
28 47 

326 11 
51 54 

304 46 
42 45 

32919 
31808 

36 
37 
38 i 39 

224'07 38% e4 
30 52 182 50 2944 3,3 

-13 I 1  20006 ~ 1 5 4 0  9 9.6 
59 37 214 48 582Q 1.8 
5926 $159 6936 6.6 

3844 3.6 

38"46 

55 06 

_ I  6824 ~ 4447 @,a4 

40 1 41 
'42 

-+ . . I  

1 where 

I 1 4 3  

~- 
23 
16 
32 
8 .  

3 4 1  
18 
' 8  
26 
-.- 

Date 

1959 VI, 30 
1959VIII,4 
1959VI11.8 
1959VIII,14 
1959VIlt,'l4 

Trans i t  
moment 

UT 

21 44&l 
23 45 11 
20 33 35 
0 36 27 
0 69 12 

1959 11.12 
1959 111,17 
19591V 8 19 55 58 

ha = rb cos 

, ..- .- --- 
It i s  helpful  t o  approximately ex t r ac t  the 
r o o t  i n  (9),  having expanded it i n  se r i e s  by 
the r o o t s  

and, re ject ing se r i e s  expansion of terms whose 
sum is  l e s s  than 5 m, we obtain 

I I I I 

No. 
of 
In- 

ervals  

6 



. The correct ion A B  can be calculated by using the relat ionships  
j 

where 

= 0,0067385: -7 

a and b a r e  the major and minor semiaxes of the  Krasovskiy Earth spheroid; cpl 
is t h e  geocentric l a t i t u d e  of t he  j - t h  point. 

52.2 .-3=,8 

6 8 9 3  
. 60,l 

r 

-1 ,7 
-2 1 2  

-2 ,2 
-2 ';4 
- I .$  
-3 ,7 

5ghter  
-7,O 

- 
Hll 
Ka 

I 

103,O 
86, I 

~ 92.4 
85.6 
102,4 
87,8 
97,l 
m , 9  

TABLE 2. 

89,8 
81.2 

83,4 
87,6 
82.7 
90.6 
81,6 

8819. 

-0,559 
0,0975 
0,0334 

-0,149 
0,177 
0,110 
0,395 
0,232 

J 

Decomposing the  expressions for Q~ and e i n t o  s e r i e s  and l imi t ing  t h e  
j 

f i r s t  terms, s ince even the  difference between the second terms cannot exceed 
4m, we obtain 

AQ/ = 2 (sins q$ - sin' 9;) = 2 I 490 (sin2 (p; - sin 92, B (#)A a8 

There remains t h e  unknown geocentric la t i tude .  

It can be determined from the  figure thusly: 

7 
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For calculat ion of cp' it i s  a l so  possible t o  use the  formula 
j 

where h h and h have the  same value as i n  formulas (10).  These coef f ic ien ts  

a r e  constant f o r  t he  whole meteor, and therefore  appl icat ion of these formulas 
i s  especial ly  su i tab le  for determing the altitudes of a la rge  number of points .  

0' 1 2 

The veloci ty  and deceleration were determined graphically.  To do so, t he  
moments of the  in te rva ls  within one cycle were determined by interpolat ions,  
then the  curves L=L(%) were constructed, where oc i s  the  time computed from the  
i n i t i a l  point  on the  meteor. After smoothing, graphic d i f f e ren t i a t ion  was used 
t o  obtain the  curves 

v = u (%).and [o) = [PI (r). 

Results of operation a re  given i n  t ab le  2, where h i s  angular length of t h e  
meteor i n  degrees; v, i s  the  preatmospheric veloci ty;  Mph max i s  the  maximum 

photographic b r i l l i ance ;  H and H2 are the  a l t i t udes  of the  appearance and d i s -  

appearance; 

spect ively 3 and H4. 

1 

and w4 a r e  deceleration a t  the  points  whose a l t i t udes  a re  r e -  
w3 
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